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QUANTITATION OF LONG CHAIN FATTY ACIDS
AS THE METHOXYPHENACQYL ESTERS

Robert A. Milier
Norman E. Bussell
Charles Ricketts

Division of Oral Biology
U. S. Army Institute of Dental! Research
Walter Reed Army Medical Center
Washington, D.C.

ABSTRACT

In recent years High Performance Liquid Chromatography has
been used for the separation of ifong chain fatty acids. This
study establishes a procedure for the quantitation of the major
fatty acids found in oral bacteria. The acids studied were C-10,
c-12, C-14, c-16, c-18, C-18:1, C-20, and C-22. The sampies were
esterified with a-Bromo-m-methoxyacetophenone, separated by
reversed phase chromatography and monitored at both 254nm and
280nm. The fatty acids have approximateiy the same |inear absorb-
ance range at 254nm from 100 picomoies to 50 nanomoies. Whiie
the linear absorbance range was simiiar, the response factors
varied by more than 40% when using peak heights compared to iess
than a 15% variation when using peak areas. Several A-NHIl fatty
acid reference mixtures were used to assure the reliabiiity
(average reiative error = 3,72%) of the method. Subsequent
analysis of a bacteria sampie was made by both High Performance
Liquid Chromatography (HPLC) and Gas Liquid Chromatography (GLC) in
order to further substantiate the validity of the technique.
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INTRODUCT ION
Previously, it has been established that fatty acid analysis
(as weli as other cellular components and metaboiic by-products)
can be a useful chemotaxonomic aid for the differentiation of

microorganisms.!~"

in the past, GLC has been used extensively
for bacterial fatty acid analysis, but a recent articie by
Bussell, et al.® has demonstrated the advantages of using HPLC
over GLC in the fatty acid analysis of microorganisms. HPLC
analysis of the phenacyl esters of fatty acids, which was intro-
duced by Bor;:h,6 and subsequeék analysis by Jorndi,7 both pertain
to the separation of the long chain acid esters and not with
their quantitation.

An initial study on qualitative analysis of bacterial fatty
acids in our laboratory indicated that there was poor correlation
in quantitation by direct comparison of HPLC peak heights to GLC
peak areas.> In order to be a good quantitative technique, the
analysis should meet the foiiowing criteria: the standard curve
should be linear over a wide concentration range and the method
shouid exhibit good precision as weil as be accurate. This paper

reports on the quantitation of long chain fatty acids by HPLC.

MATERIALS AND METHODS

The fatty acids used for standards in this study were quan-
titative grade with a purity greater than 99+%. Myristic, pai-
mitic, and stearic acids were obtained from Poiyscience Corp. and

arachidic and behenic acids were obtained from Sigma Chemical Co.
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Quantitative A-NHi reference mixtures and boron trichioride kits
were obtained from both Supelco, Inc. and Ailtech Associates, Inc.
The UV tag (a-bromo-m-methoxyacetophenone) was obtained from
Pfaitz and Bauer, inc. and the catalyst (N,N-diisopropyiethyi-
amine) was obtained from Aldrich Chemical Co. UV Grade aceto-
nitriie and dimethyiformamide (DMF) were obtained from Burdick
and Jackson Laboratories, inc.

The fatty acid esters were prepared by a modification of
Borch's procedure® for UV tagging. A two-foid molar excess of
UV tag and a four-foid excess:;f cataiyst Qere.added to the fatty
acids in DMF, seaied in a reaction viai, and heated to 60°C in a
water bath for one hour. The samples were then filtered on 0.5um
fiuoropore (Miliipore Corp.) filters prior to injection into the
HPLC.

Separations were performed using a Waters High Performance
Liquid Chromatograph (HPLC) Model 24k, with a solvent pro-
grammer. The standards and sampies were separated on two
u-Bondapak Cie¢ reverse phase columns in series (Waters Asso-
ciates, Inc.) in conjunction with an ODS guard column (Whatman,
Inc.). The fatty acids were monitored at 254knm for maximum
absorption and at 280nm for decreased sensitivity. A water
Jacket maintained the columgs at a constant temperature of 38°C
in order to improve the reproducibiiity of the tg values in the
method.

The fatty acid esters were eluted by an acetonitrile/water
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soivent system at a fiow rate of Imi/min. The soivent system was
programmed from 40/60 acetonitriie/water initiaiiy to 100% aceto-
nitriie over a 3 hour period, using a gradient curve No. 5 on the
soivent programmer.

Standard solutions of each tagged fatty acid were prepared
at various concentrations in order to cover a range of 100 pico-
moles to 1 micromoie per injection (10ui). These standards were
chromatographed at various absorbance raFges to estabiish the
iinear working range. -4

Fifty micromoies of each-;f the five fatty acids standards
were weighed into a viai on an anaiyticai baiance and their exact
weights were recorded. This was repeated untii 10 viais with
known quantities of fatty acids were obtained. The standards
were then esterified as previousiy described in 10m! DMF giving
a finai concentration of 25nmoies/S5ui, which was injected into
the HPLC. Both peak heights and peak areas were determined in
order to compare the precision of the method. The response
factors were determined using peak heights.

Fatty acid A-NH! mixtures with known compositions were
esterified and chromatographed as previousiy described. Their
percent composition was determined by using peak heights in com-
bination with the predetermined response factors. The amounts
determined experimentaiiy were then compared to the known con-
centration.

Finaliy, a bacterial sampie (S. mutans ATCC 27175) 0.3gm

wet weight was saponified In 100mi 5% KOH in 50% aqueous metha-
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nol for 15 min at 90°C in a water bath, The solution was acldi-
fied and extracted with 200ml CHCl,. A b4ml aliquot was removed,
taken to dryness, and tagged for HPLC. The remainlng solution
was taken to dryness, and methylated by the boron trichlorlde
technique. This sample was analyzed using a Varian Gas Chromato-
graph Model 2860 equipped with a Flame lonization Detector (FID)
and a Varian CDS 101 Integrator. The separatlons were carrled
out isothermally on a 10% DEGS-PS Supeléoport 100/120 mesh 12'X
3 (0D) X 0.2mm (ID) glass column at IQSfC, The carrier gas was
purified helium at a flow rat;J;f 20m1/min with the injector and
detector temperatures at 205°C and 210°C respectlvely. The
results from the GLC analysis were compared tc the HPLC results.
RESULTS

The linear absorbance range at 254nm a5 100 picomoles to 50
nanomoles. The range of linearlty at 280nm is 1llustrated In
Fig. 1. Lauric (C-12), myristic (C-14), and palmitlc (C-16) aclds
have a llnear absorbance range from 2.5nM to 500nM and stearic
(c-18) acid has a range from 2.5nM to 150nM. Arachldlc (C-20) and
behenic aclds (C-22) have the smallest range from 25nM to 100nM.

The preclslon of the fatty acld analysls is shown in Tables
1 and 2. The average preclslon using peak helght was 4.80% com-
pared to 7.02% uslng peak area. The relatlve response factors
were calculated using the mean peak helghts and are as follows:
C-10=1,154, C~12=1.000, C-14= 0,833, C-16=0.789, C-16:1=0.821,
C-18=0.672, C~18:1=0.863, C-20=0.691, and C~22=0.712.




There is a significant decrease in response factors (40%) from
C-10 to C-18. The response factors using peak area for the fatty
acids C-10-+C-22 had a variation of iess than 15%, indicating
that a portion of the decrease in response (peak height) was due
to peak broadening.

Figure 2 is a representative chromatogram of the quantitative
A-NH1 mixtures which were anaiyzed to determine the accuracy of
the method. Anaiysis of the A-NH| mixtures as summarized in
Table 3 showed an average releEjve'eerr.of 3.72%. The composi-
tion of the major fatty acids in a bacteria sa&pie, anaiyzed by
both GLC and HPLC is shown in Tabie 4. The average reiative
error between the techniques was 7.2%. The HPLC chromatograph
of the bacteria sampie is shown in Figure 3.

D1SCUSSION

The HPLC method used for this study had a wide iinear work-
ing range when the UV absorbance of the phenacyi fatty acid
esters at both 254nm and 280nm was monitored. The noniinearity
of the iong chain acids (>C~18) at high concentrations may have
been due to the decrease in the fatty acids soiubiiity in the
eluent or from coiumn overload of these acids. This couid
possibiy be eiiminated by using a iess polar soivent.

The eievation in precision from 4.08% using the peak height
technique to 7.02% using the peak area technique is due to the
difference in average reiative precision of measurement (1-2% for

peak height and 3% for peak area).® However, when comparing the
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response factors for the peak area technique versus peak height
technique, oniy a 15% variation was observed;using peak area com-
pared to a 40% decrease in response from C-{O to C-18 for peak
height. For semi-quantitative analysis with good resoiution, peak
area wouid be the method of choice with no response correction
necessary for fatty acids C-10+C-22. For quantitative analysis
response factors must be used for both methods of measurement, but
on peaks with poor resojution, as shown.by C-18 and C-20:1 in
Figure 3, peak height measurement wouiq pe.the method of choice.
Caution is emphasized because‘{ﬁ a previous stddy, inter-iabora-
tory exchange of response or correction factors had been shown to
be a significant source of errors in GLC analysis.®

Busseli, et af.® have indicated that bacterial fatty acid
quantitation by HPLC did not show good correiation with data
obtained by GLC. In this study we have demonstrated the accuracy
of fatty acid quantjtation in known mixtures of fatty acids and
by comparison of HPLC to GLC anaiysis of bacteria. The poor
correiation previousiy seen was due to the combination of differ-
ent response factors for each acid and slightiy different extrac-
tion techniques in sample preparation for HPLC and GLC. For exampie,
in preparation for GLC oniy one extraction of 200mi of CHCI3 was
made of 100mi saponified bacteria whiie for HPLC, 2ml of the saponi-
fied mixture was extracted 5 times with 10mi of CHCiy. The extrac=

tion volume ratio was 1:2 for GLC and 1:25 for HPLC. This differ-

ence by itseif could account for the different quantities of fatty
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acids seen. By elimlnating the variables in the extraction pro-
cedure, HPLC analysis showed good correlation with GLC.
CONCLUSION

A specific method for the quantitation of long chain fatty
acids in bacteria has been discussed. The method has a broad
linear absorbance range which is required for analysis of bacteria
since there are a few major components and many trace components
within the microorganisms. Only fatty a;ids with even carbon
numbers were discussed, but this was sqfficient enough to demon-
strate the large decrease in dvlresponse o% thé different fatty
acid esters using peak heights. The technique had precision
from 2.59% for C-12 to 6.56% for C-22 wHich includes error from
weighing samples, esterification, syrine injectlon, UV detection
and peak height measuremen: without using an Internal standard.
The analysis had an average relatlve error of 3.72% for analy-
sis of known mixtures and a relative error of 7.2% for analysis
of a bacteria sample. The .impilcity In the preparation of the
ester coupied with the chromatographlc separation and the quan-
titation of the fatty aclds shouid make this method a useful
ald in the differentiatlon of microorganlisms.

* X k k k %

Commercial materials and equlpment are identified In this
report to specify the investigative procedure. Such identlfica-
tion does not imply recommendatlon or endorsement or that the

materials and equipment are necessarily the best avaiiabie for




the purpose. Furthermore, the opinions expressed herein are
those of the authors and are not to be construed as those of the

Army Medical Department.
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TABLE 1

Precision of Fatty Acids

(25 n/M Sample)

Corrected Peak Heights (cm)

RUN NO, c=12 .G-l& . C=l6) G=B C-20 _ (€92
1 1415 1195 1063 926 9.07 9.13
2 13.37 1170 1158  8.86 9.33 9.14
3 1345  11.06 1038 884 9.19 9.83
a 1345  11.20. 10.99° ~ 9.61 9.58 9.86
5 1308 1099 1035 860 9.18 8.41
6 1334 1092 1042 901 9.23 9.91
7 13.21 1073 1012 9.9 9.35 9.82
8 1309 1083 1028 883 8.69 9.48
9 1307 1082  10.16 848 8.75 8.75
10 1292 10.71 1009 883 9.68 10.48
Mean 13.31 1109 1050 895 9.20 9.48

Standard Deviation +.3448 + 4188 +.,4646 +.3311 +.3163  +.6221
Precision 2.59% 3.78% 4.42% 3.69% 3.42% 6.56%
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TABLE 2
Precision of Fatty Acids

(26 n/M Sample)

Corrected Peak Areas (in.2)

RUN NO. Cc-12 c-14 c-16 c-18 c-20 Cc-22
1 .281 .233 .266 231 .254 231 1
2 - - 222 ..221 243 234
3 .243 .266 .205 221 220 .258
4 .262 244 .242 210 227 .254
5 .252 225 231 .208 234 229
6 .300 .276 277 210 226 .253
7 .252 216 223 232 .236 224
8 .261 217 226 2 223 .236
9 .238 237 229 223 .243 224 ‘
10 233 229 267 210 .265 .257
Mean 267 237 .243 218 .265 .240

Standard Deviation +0214 1.0203 +£0239 +009 +.012 +.014
Precision 8.33% 8.57% 9.84% 4,18% 5.39% 5.80%

e
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TABLE 3

Fatty Acid Mixture Composition

(Weight %)

C-12 C-14 C-16 c-18 C-20 C-22
A-NH!-C
Certified 6.28 12.62 20.31 26.07 34.76
Experimental 5.91 12.57 19.88 27.36 34.21
Relative Error 5.89% 0.40% 2.12% °~ 4.95% 1.58%
A—-NH!-D
Certified 24.33° 4866  27.01
Experimental 25.19 48.43 26.38
Relative Error 3.53% 0.47% 2.33%
A-NHI—F
Certified 4.71 7.93 13.77 25.66 47.93
Experimenta! 5.14 8.06 14.85 26,52 45.42
Relative Error 9.13% 1.63% 7.84% 3.35% 5.23%

Average Relative Error — 3.72% (0.4% - 9.13%)
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TABLE 4

Major Fatty Acid Composition of

Streptococcus mutans 27175
{Weight %)

C-16 c-18 C-18:1

HPLC Analysis 610 _ . 16.6 22.5
GLC Analysis 64.2 158 200
Relative Error 5.1% 4.8% 11.8%

Average Relative Error 7.2%




Figure 1.

Standard curve at 280nm for lauric acid C-12, stearic acid C-18,
and behenic acid C-22.

Figure 2.
HPLC chromatogram of A-MHI-C fatty acid reference mixture.
Columns: Two pBondapak C;g; eluent: acetonitrile/water; flow
rate: Iml/min; see text for details.

Figure 3.
HPLC chromatogram of the fatty acids in- Streptococcus mutans

ATCC 27175. Columns: Two uBondapak C,s; eluent: acetonitrile/
water; flor rate: Iml/min; see text for details.




s3iom ¢
(1]} sl L3 Ju i 4

€
(wo) ts__'nou nNeed

.......






‘W ‘IWAI0OA NOLINTE

:-u ..u\ i 2 0w Hﬁ i
_..._.N m

SLILT  sveinm cdong







